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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to an anti-inflammatory analgesic external formulation containing Loxoprofen or 
its pharmaceutically acceptable salt as an active ingredient. 

BACKGROUND ART 

w [0002] A sodium salt of Loxoprofen (formal name: 2-[p-(2-oxocyclopentylmethyl)phenyl] propionic add), othen^vise 
known as Loxoprofen sodium, has excellent efficacy as a phenylpropionlc acid type nonsteroidal anti-inflammatory 
agent and is widely used as a medicine for internal use under the trade name of "Loxonln." 

[0003] By the way. Loxoprofen sodium is a prodrug. When orally administered, it is metabolized in the body into a 
trans-OH form (formal name: 2-lp-(trans-2-hydroxycycIopentylmethyl)phenyI] propionic acid), which exhibits excellent 

IS anti-inflammatory activities, as is known in the art [Matsuda et al. Japanese Journal of Inflammation. Vol. 2, No. 3. Sum- 
mer, pp. 263 to 266 (1983)], An enzyme (a ketone-reducing enzyme) which is associated with this metabolism, mainly 
exists in the liver and kidney [Tanaka et a!.. Japanese Journal of Inflammation, Vol. 3. No. 2, Spring, pp. 151 to 155 
(1 983)], and the trans-OH form is known to exhibit inhibitory activity against cyclooxygenase, a prostaglandin producing 
enzyme, approximately 80 times as potentiy as sodium Loxoprofen [Matsuda et al. Japanese Journal of inflammation. 

20 Vol. 2. No. 3. Summer, pp.263 to 266 (1983)]. Accordingly, it has been understood that Loxoprofen sodium must pass 
through the liver or kidney, where it is activated, before Loxoprofen sodium can exhtoit its excellent anti-inflammatory 
analgesic activities. 

[0004] Thus, when Loxoprofen sodium is used as an external formulation, it should not be treated in the same manner 
as antinnf lammatory analgesics, such as indomethacin, biprofen and ketoprofen. in case of which the drug itself pre- 
ss vides a pharmacological effect. 

[0005] However, hitherto, many patent applications have been filed for external formulations containing an anti-inflam- 
matory analgesic as an active ingredient, in particular, for bases for external formulations, and some of them cite an 
anti-inflammatory analgesic as an example of an active ingredient that is contained in the formulation or that can be 
added to the base, and further, some of them cite Loxoprofen sodium as a specific example of tiie anti-inflammatory 
30 analgesic. Most of these applications, however, simply cite Loxoprofen as a ma^e example of the anti-inflammatory 
analgesic in tfie specification. Although some of these patent applications refer to crotamlton as an example of a solvent 
for active ingredients, which is one of the constituent features of the present application, none of the applications, in fact, 
does specifically disclose a formulation containing Loxoprofen and crotamiton. 

[0006] On the other hand, in respect to Loxoprofen and its sodium salt, tfie external formulation are disclosed coh- 
35 cretely in (1 ) Japanese Patent Application Laid Open No. Hei 4-9971 9. (2) Japanese Patent Application Laid Open No. 
Hei 8-165251, and (3) Japanese Patent Application Laid Open No. Sho 57-4919. 

(1) is an invention on a novel base containing a certain type of fatty add ester and polyhydric alcohols and intends 
to increase the speed at which an active ingredient permeates through the skin and a transdermal patch the base 

40 of which contains Loxoprofen sodium is prepared as an example there. ^ — " 

(2) discloses a specific solvent. [2-{2-methoxy-1 -metfnyletiiyl)-5-methylcyclohexanoI] and. an external formulation 
containing said solvent, a patch containing Loxoprofen is prepared as an example there, and its mckiness and 
safety to the skin are evaluated in the test examples. However, none of the patent applications refer to pharmaco- 
logical effects of Loxoprofen sodium in the case where it is administered in the form of an external formulation. 

45 

[0007] In addition, when the present inventors prepared an external formulation of Loxoprofen sodium containing a 
fatty add ester and a polyhydric alcohol in accordance with (1) and obsen^ed it with the passage of time, crystals of 
Loxoprofen were deposited. In general, when an external formulation of a certain compound is prepared, a solvent is 
added in order to avoid the aystallization and deposition of tfie active ingredient. The selection of an optimal solvent is 

50 an important element for the design of a formulation. Depending on ttie type of a selected solvent, tfnere may occur a 
decreased release of the active ingredient from the base and a decreased transfer of it to the affected part because of 
the insuff icierrt dissolution of tfie drug, thereby failing to provide sufficient therapeutical effects. In other words, a solvent 
that is optimal for a particular active ingredient cannot be expected to be also optimal for other active ingredients. 
[0008] On the other hand, Japanese Patent Application Laid Open No. Sho 57-4919 (the above mentioned (3)) 

55 desCTib^. in test examples, ttie pharmacological effects as external formulations of a solution of Loxoprofen in croton 
oil and of an ointment otrtained by sinply adding sodium Loxoprofen to Plastibase SOW. Croton oil, however, is a toxic 
substance which is used as an in-itant and cocardnogen in the research of cancer [THE MERCK INDEX, twelfth edition, 
pp. 2665) so that it is inappropriate to mix such a substance into a medicine. In addition, the efficacy of a formulation 
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comprising a combination of Loxoprofen sodium and Plastibase SOW does not exhibit dosage dependence. 

DISCLOSURE OF THE INVENTION 

5 Problems to Be Solved by the Invention 

[0009] As described above, Loxoprofen is a prodrug, it is its trans-OH form, an active metabolite, that exhibits strong 
anti-inflammatory analgesic activities, and the enzyme that serves to convert Loxoprofen into an active metabolite 
mostly exists in the liver and kidney. Hence, the present inventors supposed that for topical administration, the transcu- 
10 taneous absorption of trans-OH form off Loxoprofen allows the trans-OH form to be maintained at its applied site in a 
larger amount to achieve an excellent anti -inflammatory analgesic activities than the transcutaneous absorption of 
Loxoprofen. However, tests by the present inventors on the trans-OH form for its transcutaneous absorption revealed 
that the trans-OH form could very hardly be absorbed. 

[001 0] As a result of the intensive research on anti-inflammatory analgesic external formulation containing Loxoprofen 

15 sodium as an active ingredient, the present inventors have found that (i) Loxoprofen as such has a superior permeability 
through the skin to the trans-OH form, which is an active metabolite, so that transcutaneous administration enables a 
sufficient amount of Loxoprofen to be accumulated in the sWn. and that (ii) if a sufficient amount of Loxoprofen is 
retained in the skin over a long period of time, it is surprisingly transformed by the ketone-redudng enzyme into the 
trans-OH form even in the skin and an effective amount off trans-OH form can be maintained therein. With respect to the 

20 above problem of the formulation of Loxoprofen. the present inventors have found that the use of crotamiton as a sol- 
vent prevents Loxoprofen from being deposited in the form of crystal, thereby providing an external formulation of Loxo- 
profen that has high stability and that shows no skin irritation. That is, mixing crotamiton as a solvent into an external 
formulation of Loxoprofen prevents Loxoprofen from t)eing deposited as crystals, and as a result a formulation is 
obtained which has excellent uniformity in the distribution of the active ingredient. This formulation enables a substantial 

25 incrrase in the rate and amount off transcutaneous absorption of Loxoprofen and also a continuous supply of Loxopro- 
fen, thereby allowing a sufficient concentration of Loxoprofen to be persistentiy maintained in the skin at tiie applied site 
Then, as confirmed first by the present inventors, Loxoprofen Is converted into the trans-OH form in the skin so as to^ 
allow a suff tdent amount of trans-OH form to be maintained at the applied site. As a result, it has been found thatappli- «^ 
catron of this formulation provides an excellent topicaf anti-inflammatory analgesic effect and that tiie formulation shows^r.H • ' 

30 no sWn irritation. Based on these findings, the present inventors have completed the present invention. 

(Means for Solving the Problems) 
. [0011] The present invention relates to 

(1) a method for producing a ti-ans-OH form comprising converting Loxoprofen or its pharmaceutically acceptable 
salt into a ti'ans-OH form thereof with a ketone-reducing enzyme existing in the skin; and. 

(2) an anti-inflammatory analgesic external formulation containing Loxoprofen or its pharmaceutically acceptable 
salt and crotamiton. 

The anti-inflammatory analgesic external formulation described in (2) is preferably an Ixternafldrmulation 
characterized in that: 

(3) application of the external formulation, causes Loxoprofen or its pharmaceutically acceptable salt to be metab- 
olized into a trans-OH form tiiereof in tiie skin and wherein tiie trans-OH form is higher in concentration in a dermal 
layer of the skin at an applied site than in blood plasma 

Of ttie anti-inflammatory analgesic external formulation described in (2) or (3). more preferred is: 

(4) an external fbrmutation wherein the content of crotamiton is 0.5 to 5% by weight based on tiie total weight of the 
formulation; 

(5) an external formulation wherein tiie content of crotamiton is 1 to 2% by weight based on tiie total weight of the 
formulation; 

(6) an external fonmulation wherein tfie content of Loxoprofen or its pharmaceutically acceptable salt is 0.1 to 5% 
by weight based on tiie total weight of the formulation; 

(7) an external formulation wherein the content of Loxoprofen or its pharmaceutically acceptable salt is 0.1 5 to 2% 
by weight based on the total weight of the formulation; or 

(8) an external formulation wherein the content of Loxoprofen or its pharmaceutically acceptable salt is 0.5 to 2% 
by weight based on the total weight of the formulation. 

Anotiier preferred anti-inflamnDatory analgesic external formulation is an arbitrary combination of elements 
each selected from the groups consisting of (2) and (3), (4) and (5), and (6) to (8). 

In addition to Loxoprofen or its pharmaceutically acceptable salt and aotamiton. the anti-inflammatory analge- 
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sic external formulation mentioned above can include an additives commonly used in external formulations. Pre- 
ferred examples of such anti-inflammatory analgesic external formulations include in addition to Loxoprofen or its 
pharmaceutically acceptable salt and crotamiton: 

(9) an external formulation containing 0.5 to 80% by weight of a solvent and/or a skin permeation accelerator based 
s onthe total weight of the formulation; 

(10) an external formulation containing 3 to 30% by weight of the formulation of a water-soluble polymer based on 
- • the total weight; . • . . ..... . . . , 

(11) an external formulation containing 5 to 20% by weight of a water-soiuble polymer based on the total weight of 
the formulation; 

10 (12) an external formulation containing 5 to 95% by weight of an oil-soluble polymer based on the total weight of 
the formulation; 

(13) an extemal formulation containing 10 to 80% by weight of an oil-soluble polymer based on the total weight of 
the formulation; 

(14) an external formulation containing 5 to 60% by weight of a moisturizer based on the total weight of the formu- 
is lation;or 

(15) an external formulation containing 10 to 45% by weight of a moisturizer based on the total weight of the fornmj- 

. lation, 

[0012] Further, formulations which include two or more elements selected from (10) to (15) are also preferred. [How- 
20 ever. (10) and (1 1 ) cannot be selected simultaneously and (14) and (1 5) cannot be selected simultaneously] 

[0013] Furthermore, it is another object of this invention to provide an anti-inflammatory analgesic external formulation 
described in any one selected from (2) to (15) above, in the form of a patch, an ointment, a cream, a lotion, or an aero- 
sol. 

[0014] According to this invention, the term "pharmaceutically acceptable salt" in the definition of "Loxoprofen or its 

25 pharmaceutically acceptable satt" refers to a salt of a cation with a cariDoxyl group that is contained in tiie molecide of 
Loxoprofen. Such salts preferaljly include alkali metal salts such as sodium salt, potassium salt, and lithium salt; alka- 
line earth metal salts such as calcium salt and magnesium salt; metal salts such as aluminum salt, iron salt, zinc salt; 
copper salt, nickel salt, and cobalt salt; ammonium salts; amine salts such as t-octylamine salt, dibenzylamine satt. mor- 
pholine salt, glucosamine salt, salt afan alkyi ester of phenylglydne. ethytenediamine salt. N-methylglucamine salt, gua- 

30 nidine salt, dietiiylamine salt, triethylamlne salt, dicydohexylamine salt, N.N'-dibenzylethylenediamine salt, 
chloroprocaine salt, procaine salt, diethanolamine salt, N-benzylphenethylamine salt, piperazine salt tetramethylam- 
monium salt, tris(hydroxymethyl) aminomethane.sait, and other such organic salts; arxi amino acid salts such as gly- 
cine salt, lysine salt, arginine salt, ornithine salt, glutamic add salt, and aspartic acid salt. The pharmaceutically 
acceptable salt is more preferably a water-soluble salt and most preferably a sodium salt. 

35 [001 5] Moreover, when left in the air or recrystallized. the "Loxoprofen or its pharmaceutically acceptable salt" absort>s 
water or the solvent used for recrystallization to become a hydrate or solvate, which is also included in this invention. 
[001 6] Whether a certain external formulation is a formulation wherein "application of the external formulation causes 
Loxoprofen or its pharmaceutically acceptable salt to be metabolized into a transOH form thereof in the skin and 
wherein the concentrarion of trans-OH form is higher in a dermal layer of the skin at an applied site than in blood 

40 plasma" can be checked by applying the external formulation to. for example, test animals such arrats orTnice and 
measuring the concentrations of trans-OH form (^g/ml) in the blood plasma and in the dermal layer of the skin at the 
applied site at a certain time (for example, four or eight hours) after the application. Specifically, this can be easily 
checked by conducting experiments according to tiie method described in Test Example 3" described later. 
[001 7] With respect to tiiis invention, the content of Loxoprofen sodium in tiie external formulation is not limited to any 

45 particular range as long as formulation is feasible, but is preferably between 0.1% by weight (more preferably 0.15% by 
weight and most preferably 0.5% by weight) and 5% by weight (more preferably 2% by weight) of the total weight of the 
formulation. An excessively small amount of active ingredient provides insuffident efficacy, while an excessively large 
amount of active ingredient prov^es no advantages and is thus not cost-effective. 

[0018] The content of crotamiton used as a solvent is not particularly limited as long as formulation is feasible, but is 
. 50 preferably between- 0.5% by weight (more preferably 1% by weight) and 5% by weight (more preferably 2% by vyeight) 
of the total weight of the formulation. 
, [001 9] The pH of tiie external formulation is preferably between 4.0 (more preferably 5.0 and most preferably 5.5) and 
7,5 (more preferably 7.0 and most preferably 6.5). 

[0020] The pres^ external formulation may include various bases used for common external formulations, for exam- 
55 pie. another solvent that can be used with crotamiton; a skin permeation accelerator, a water-soluble polymer that can 
- be used as an adhesive agent and/or a f anvformer ; an .oil-solut)le polymeric compound that can be used as an adhesive 
agent and/or a tackifier; a moisturizer: a surfactant: a propellent; and ottier pharmaceutically acceptable additives, witii- 
out limitation, unless they do not have diverse effects^ 
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[0021] Other solvents that dissolve Loxoprofen or its pharmaceutically acceptable salt is not particularly limitecl as 
long as it can be used with crotanniton without providing adverse effects, and is selected from, for example, water, alco- 
hols, pharmaceutically acceptable fatty adds and their esters, and oily connponents such as animal oils, vegetable oils, 
' and terpene compounds. 

[0022] If water is used, its content is preferably between 20% by weight (more preferably 40% by weight) and 80% by 
weight (more preferably 60% by weight) of the total weight. 

[0023] The alcohols may be any Common alcohol without particular limitation as long as it has no adverse effect. Such 
an alcohol includes, for example, aliphatic alcohols such as methanol, ethanol. propyl alcohol, and isopropyl alcohol; 
aliphatic polyhydric alcohols such as propylene glycol, octanediol, 1 ,3-butanedioi. ethylene glycol, polyethylene glycol, 
glycerol, and D-sorbitol; and aronnatic aliphatic alcohols such as benzyl alcohol. The content of such an alcohol is pref- 
erably between 0.5% by weight (more preferably 3% by weight) and 10% by weight (more preferably 5% by weight) of 
the total weight of the formulation. However, the content of propylene glycol, polyethylene glycol, glycerol, or D-sorbitol 
used as the moisturizer described later is not limited to these values. 

[0024] The pharmaceutically acceptable fatty acid and its ester may be any common fatty add and ester without par- 
ticular limitation as long as they have no adverse effect. The pharmaceutically acceptable latty add and ester thereof is 
preferably a fatty add that has 3 (more preferably 10) to 30 (more preferably 20) carbon atoms, for example, capric add, 
lauric acid, myristic add. palmitic acid, oleic acid, linolic acid, stearic add, lauryl lactate, isopropyl myristate. isopropyl 
palmitate. oleyl oleate. diisopropyi adipate. diisopropyl sebacate. glycerol monocaprylate. or ethylene glycol monoi- 
sooctanoate. Its ester is preferably an alkyi ester having 5 (more preferably 12) to 50 (more preferably 40) carbon atoms 
or an alkylene glycol ester having 8 (more preferably 12) to 30 (more preferably 24) carbon atoms. One or more fatty 
acids and their esters may be used in combination. A preferred fatty add is oleic add or lauryl lactate. The content of 
such an fatty add or its ester is preferably between 0.5% by weight (more preferably 1% by weight) and 20% by weight 
(more preferably 1 5% by weight) of the total weight of the formulation. 

[0025] The oily component such as animal oil, vegetable oil, and a terpene compound may be any common oily com- 
ponent without particular limitation as long as it has no adverse effect Such oily components include, for example, 
almond oil. olive oil. tsubaki oil. persic oil. peppermint oil, soybean oil, sesame oil. mink oil. cotton seed oil. corn oil. saf- 
f lower oil. palm oil. eucalyptus oil. castor oil, hydrogenated castor oil. soybean lecithin, squalene, d1- or 1-menthol;^^ - 
menthone, llmonene. pinene. pipentone. terpinene. terpinolene. terplnol. carbeol, d1 -camphor. N-methyl-2-pyrrolidone, 
or liquid paraffin. This component is preferably peppermint or eucalyptus oil. One or more types of such oily compo- 
nents may be used in combination. Its content is preferably between 0.5% by weight (more preferably 1% by weight) 
and 10% by weight (more preferat)ly 5% by weight) of the total weight of the formulation. 

[0026] Excessive amounts of these solvents may cause separation of the oily component from the. formulation 
obtained by kneading them with a water-soluble base and the resulting formulation may cause skin irritation. Therefore, 
it is preferred that the solvents are mixed together in amounts not to cause the phenomena mentioned above. 
[0027] The skin permeation accelerator may be any common one without particular limitation as far as it does not 
exert any other influence. Prefen-ed sWn permeation accelerators indude, for example, alcohols and polyhydric alcohols 
such as ethanol. propylene glycol. 1. 3-butanediol. and 1.2,6-hexanetriol; fatty acids such as lactic add. oleic add, 
linolic add. and myristic add. and their esters; and animal oil. vegetable oil. and a terpene conrpound such as pepper- 
mint oil, 1 -menthol. d1 -camphor, and N-methyl-2-pyrrolidone. These skin permeation accelerators can be also used as 
. solvents or as the moisturizers described later. . . — ^ — 

[0028] The water-soluble polymer that can be used as an adhesive agent and/or film-former may be any common 
compound without particular limitation as far as it does not exert any other influence. Such water-soluble polymers 
include, for example, polyacrylic acid; sodium polyacrylate; an acrylic ester copolymers and their emulsions; cellulose 
derivatives such as methylcellulose, ethylcellulose. carboxymethylceliulose. and sodium carboxymethylcellulose; gum 
arable; gelatin; casein; polyvinyl alcohol; polyvinylpyrrolidone; methyl vinyl ether/maleic acid anhydride copolymer and 
its emulsion; and natural polysaccharide such as agar. One or more types of these conrpounds may be used in corrtoi- 
nation and their content is preferably between 3 % by weight (more preferably 5% by weight) and 30% by weight (more 
preferably 20% by weight) of the total weight of the formulation. 

[0029] If a water-soluble polymer such as polyacrylic acid or sodium polyacrylate is used, activated alumina, synthetic 
aluminum silicate, or aluminum hydroxide can be used as an aluminum compound that can exhibit a cross-linking reac- 
tion. 

[0030] In addition, acryl starch; polyhydric alcohol such as glycerol, propylene glycol, polyethylene glycol, or D-sort»tol 
is preferably used as a moisturizer, and one or more such compounds may be used in connbination. Their content is 
preferably between 5% by weight (more preferably 1 0% by weight) and 60% by weight (more preferably 45% by weight) 
of the total weight of the formulation. 

[0031] The oil-sduble polymer that can be used as an adhesive agent and/or a tackifler may be any common one 
without particular limitation as far as it does not exert any other Influence. Such oil-soluk)le polymers include natural rub- 
ber, isoprene rut^ber. polyisobutylene rddber, styrene-butadiene rutsber, a styrene-isoprene-styrene tslock copolymer, a 
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styrene-butadiene-styrene block copolymer, a (meth) acrylic ester copolymer, silicone resin, rosin, polybutene, lanoline, 
vaseline, plastibase. beeswax, and solid paraffin. One or more such compounds may be used in combination, and their 
content Is preferably between 5% by weight (more preferably 10% by weight) and 95% by weight (more preferably 80% 
by weight) of the total weight of the formulation. 

5 [0032] Moreover, the desired amount of surfactant such as sorbitan monooleate or polyoxyethylene sorbitan 
monooleate; a pH regulator such as tartaric acid or citric acid; or other pharmaceutically acceptable addKives such as 
bentonite, kaolin, talc, or titanium white can be used. Its content is preferably between 0.1 % by weight (more preferably 
0.5% by weight) and 1 5% by weight (more preferably 1 0% by weight) of the total weight of the formulation. 
[0033] An external formulation according to this invention is preferably: 

fo . . 

(1) an anti-inflammatory analgesic external formulation containing, at least 0.1 to 5% by weight of Loocoprofeh 
sodium, 0.5 to 5% by weight of crotamiton, 0.5 to 80% by weight of a solvent and/or a sWn permeation accelerator. 
3 to 30% by weight of water-soluble polymer and/or 5 to 95% by weight of oil-soluk^le polymer, and 5 to 60% by 
weight of moisturizer, all of the total weight of the formulation. 

15 It is more preferably: 

(2) an anti-inflammatory analgesic extemal formulation containing, at least 0.15 to 2% by weight of Loxoprofen 
sodium, 1 to 2% by weight of crotamiton, 0.5 to 80% by weight of a solvent and/or a skin permeation accelerator. 5 
to 20% by weight of a water-soluble polymer and/or 1 0 to 80% by weight of an oil-soluble polymer, and 10 to 45% 
by weight of a moisturizer, all based on tiie total weight of ttie formulation. 

20 It is more preferably: 

(3) an anti-Inflammatory analgesic external formulation containing, at least 0.5 to 2% by weight of Loxoprofen 
sodium, 1 to 2% by weight of crotamiton. 0.5 to 80% by weight of a solvent and/or a skin permeation accelerator, 5 
to 20% by weight of a water-soluble polymer and/or 10 to 80% by weight of an oil-soluble polymer, and 10 to 45% 
by weight of a moistorizer, all t)ased on the total weight of tiie formulation. 

25 

[C034] The present anti-inflammatory analgesic external formulation can generally be manufactured using tiie follow- 
ing preparatioh method. = . 

[0035] When an external formulation containing Loxoprofen as an active ingredient is prepared, tiie present extemal 
formulation can be obtained by dissolving Loxoprofen in crotamiton and optionally adding thereto any of the above "Var- 

30 ious bases used for common extemal formulations'*. 

[0036] On the other hand, when an external formulation containing a pharmaceutically acceptable salt of Loxoprofen 
as an active ingredient is prepared, an external formulation can be obtained by dissolving a pharmaceutically accepta- 
t)le salt of Loxoprofen in an appropriate solvent (for example, water, methanol, ethanol or the like), mixing tiiis solution 
with crotamiton, and optionally adding thereto any of the above "various bases used for common external formulations". 

35 Any of the above "various bases used for common extemal formulations" can be added to the solution of the active 
ingredient mentioned above or crotamiton before mixing the solution with crotamiton. 

[0037] In particular, when an external formulation containing Loxoprofen sodium as an active ingredient is prepared, 
this external formulation can be specifically manufactured as follows. 

[0038] The mixture containing Loxoprofen sodium is prepared by dissolving 0. 1 to 5% by weight of Loxoprofen sodium 
'40 in 20 to 60% by weight of a solvent (for example, water), adding the solution to a mixture of 5 to 20% by^weight of^odium 
polyacrylate. 20 to 35% by weight of glycerol. 1 to 5% by weight of alcohols, and an appropriate amount of a pH regu- 
lator solution that has been prepared in advance, and stirring tiie mixture. On ttie other hand, a mixture containing ao- 
tamiton is prepared by mixing 0.5 to 5% by weight off crotamiton. 0,5 to 10% by weight of a solvent and/or a sWn 
permeation accelerator, and an aj:^ropriate amount of pharmaceutically acceptable additive. Then, tiie desired external 
45 formulation is prepared by acWIng the mixture containing crotamiton to the mixture containing Loxoprofen sodium whilst 
stirring, acfcling thereto an appropriate amount of an aqueous suspension of a cross-linking reagent (for example, alu- 
' minum hydroxide gel or tiie like), and sufficientiy kneadiiig the mixture. 

[0039] A formulation with a smaller amount of water content can be manufactured by adding 1 0 to 30% by weight of 
an oil-soluble polymeric compound to the above external formulation. 
50 [0040] Whenan external formulation mainly containing oH-soluble polymers is prepared, an oily formulation can be 
manufactured by using isoprene or polyisobutylene as an adhesive agent, in the case of solvent metiiod, or a styrene- 
isobutylene block copolymer as an adhesive agent, in the case of hot-melt metiiod, and using a tackif ier as well as cro- 
tamiton and the above oily component as a solvent and skin permeation accelerator. 

[0041] According to this invention, the extemal formulation containing Loxoprofen sodium prepared in tiiis manner is 
55 spread over, an appropriate support for exariple, a nonwoven fabric or flannel, and a peel-off film made of polyethyl^e, 
polypropylene, polyester or the Gke Is applied to tiie exposed surface of tiie formulation that is opposite to the surface 
thereof facing the support. The resulting formulation can be used as a patch. 

[0042] In addition, without spreacQng the formulation on the support, the present external formulation can be used as 
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an ointment or cream that is applied to the affected part as it is. 

[0043] It can also be used as a lotion by diluting it with an aqueous solvent (for example, water, ethanol or the like), 
and optionally adding thereto a suspending agent (for example, gum arabic. sodium alginate, sodium carmellose, or 
hydrbxypropylcellulose) or an emulsifing agent (for example, sorbitan rhonooleate or potyoxyethylene sorbttan 
5 monooleate) to homogenize the entire solution. 

[0044] Alternatively, It can be used as an aerosol by diluting it with a solvent to reduce viscosity, adding thereto a sus- 
pending agent or an emulsifing agent, and filling the solution In an appropriate container together with a propellant (for 
example, dimethyl ether or liquefied natural gas). 

[0045] The dosage of the anti-inflammatory analgesic external formulation of may depend on the symptom, age of 
- 10 the patient, and the amount of active ingredients in the formulation, but it is desirable that an external formulation cor- 
responding to 0.005 g (preferably 0.01 g and more preferably 0.05 g) to 100 g (preferably 50 g and more preferably 10 
- g) per day of Loxoprofen is applied to the affected part of the adult. Due to its persistency, the present external formu- 
lation is expected to provkde a sufficient anti- inflammatory analgesic effect when applied once a day, but the daily dos- 
age of an external tormulation may be applied to the affected part dividedly in several times. 
15 [0046] The anti-inflammatory analgesic external formulation of this invention Is effective on the prevention or treat- 
ment of osteoarthritis, rheumatoid arthritis, lumbago, scapulohumeral periarthritis, tendovaginitis, inflammation of ten- 
don peripheries, humeral epicondylitis (tennis elbow), muscle pain, or swelling/pain after trauma. 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 

[0047] This invention is described below with reference to examples, comparative examples, and test examples. How- 
ever, the invention is not limited to these examples. 

[Example 1] External formulation containing 2% of Loxoprofen sodium 

25 

[0048] 2.268 g of Loxoprofen sodium dihydrate (equivalent to 2 g of sodium Loxoprofen) was added to 8 ml of water 
and dissolved therein. Then, 0.6 g of tartaric acid was dissolved in 45.5 ml of water; 11 ,5 g of sodium polyacrylate and 
27 g of glycerol were added to the solution and mixed together, and the aqueous solution of Loxoprofen sodium pre^ 
pared above was added to the mixture, was followed by sufficient kneading to prepare a mixture containing Loxoprofen^^ 

30 sodium (mixture A). Next, 2g of crotamiton, 1g of peppermint oil. and 2.5 g of kaolin were mixed to prepare a mixture 
containing crotamiton (mixture B). Mixture B was added to mixture A whilst stirring, and 1 ml of aqueous dispersion con- 
taining 0.05 g of aluminum hydroxide gel was added to the mixture and the resulting mixture was mixed together. The 
weight of the mixture obtained was measured, then, water was added until the weight became 100 g, and the mixture 
was sufficiently kneaded. The resulting external formulation containing 2% of Loxoprofen sodium was spread over a- 

35 nonwoven fabric so as to occupy in an amount of 10 g/10x14 cm, and a polyethylene film was put on the formulation 
and the resulting formulation was cut into pieces of a certain desired size for use as a test sample. 

[Example 2] External formulation containing 1.2% of Loxoprofen sodium 

40 [0049] 1.361 g of Loxoprofen sodium dihydrate (equivalent to 1.2 g of Loxoprofen sodium) was"dissolvecrTnr4 ml of 
water. 

[0050] Then, the solution was treated in the same manner as described in Example 1 to obtain an external formulation 
containing 1 .2% of Loxoprofen sodium as a test sample. 

45 [Example 3] External formulation containing 1% of Loxoprofen sodium 

[0051] 1.134 g of Loxoprofen sodium dihydrate (equivalent to l.g of Loxoprofen sodium) was dissolved in 4 mi of 
water. 

[0052] Then, the solution was treated in the same manner as described in Example 1 to obtain an external formulation 
50 containing 1% of Loxoprofen sodium as a test sanple. 

[Example 4] External formulation containing 0.6% of Loxoprof^ sodium 

[0053] 0.68 g of Loxoprofen socfium dihydrate (equivalent to 0.6 g of Loxoprofen sodium) was dissolved in 4 ml of 
55 water. 

[0054] Then, the solution was treated in the same manner as described in Example 1 to otnain an external formulation 
containing 0.6% of Loxoprofen sodum as a test sample. 
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[Example 5] External formulation containing 0.5% of Loxoprofen sodium 

[0055] 0.567 g of Lxixoprofen sodium dihydrate (equivalent to 0.5 g of Loxoprofen sodium) was dissolved in 4 ml of 
water. . ' 

6 [0056] Then, the solution was treated in the same manner as described In Example 1 to obtain an external formulation 
containing 0.5% of Loxoprofen sodium as a test sample. 

[Example 6] External formulation containing 0.3% of Lc»coprofen sodium 

w [0057] 0.34 g of Loxoprofen sodium dihydrata (equivalent to 0.3 g of Loxoprofen sodium) was dissolved in 4 ml of 
water. 

[0058] Then, the solution was treated in the same manner as described in Example 1 to obtain an external formulation 
containing 0.3% of Loxoprofen sodium as a test agent. 

15 [Example 7] External formulation containing 0.25% of Loxoprofen sodium 

[0059] 0.284 g of Loxoprofen sodium dihydrate (equivalent to 0.25 g of Loxoprofen sodium) was dissolved in 4 ml of 
water. 

[0060] Then, the solution was treated in the same manner as described in Example 1 to obtain an external formulation 
20 containing 0.25% of Loxoprofen sodium as a test agent 

[Example 8] External formulation containing 0.15% of Loxoprofen sodium 

[0061] 0.17 g of Loxoprofen sodium dihydrate (equivalent to 0.15 g of Loxoprofen sodium) was dissolved in 4 ml of 
25 water. 

[0062] Then, the solution was treated in the same manner as described in Example 1 to obtain an external fomiulation 
containing 0. 1 5% of Loxoprofen sodium as a test agent. 

[Example 9] External formulation containing 1% of Loxoprofen sodium 

30 

[0063] In Example 2. similar process were carried out but using of 1 g. instead of 2g, of crotamiton to obtain an exter- 
nal formulation containing 1% of Loxoprofen sodium as a test sample. 

[Example 10] Lotion containing 1% of Loxoprofen sodium 

35 

[0064] 1.134 g of Loxoprofen sodium dihydrate (equivalent to 1 g of Loxoprofen sodium) was dissolved in 66.8 ml of 
water. 1 g of crotamiton and 0.25 g of peppermint oil were added to the mixture of 0.2 g of sodium carboxymethylcellu- 
lose in 10 g of glycerol and 20 g of propylene glycol and sufficiently mixed together. The solution of Loxoprofen mento- 
ined at)ove was added to tiiis mixuture. and 0.5 g of Tween 80 and 0.25 g of Span 20 as surfactants were then added 
40 to the mixture whilst stirring to pr^re a lotion contaning 1 % of Loxoprofen sodium. " ^ — ' 

[Example 1 1] External formulation containing 1% Loxoprofen 

[0065] 1 1 .5 g of sodium polyacryfate and 27 g of glycerol were added to the solution of 0.6 g of tartaric acid in 45.5 
45 ml of water, and mixed together to prepare a mixture containing glycerol. Then. 2.5 g of kaolin was added to the solution 
of 1 g of Loxoprofen in a mixture of 2 g of crotamiton and 1 g of peppermint oil, then, the resulting mixture was suffi- 
cientiy kneaded to prepare a mixture containing Loxoprofen. The mixture containing Loxoprofen was added to the mix- 
ture containing glycerol whilst stirring, and 1 ml of aqueous dispersion containing 0.05 g of aluminum hydroxide gel was 
added to tiie mixture and mixed together. The weight of the mixture obtained was measured, and water was added 
50 thereto until the weight reached 100 g. The mixture was then sufficientiy kneaded to prepare an external formulation 
■■ containing 1 % Loxoprofen. 

[Reference Example 1} External fomnulation containing a 1% of transrOH form 

55 [0066] 1 1 .5 % of sodium pdyacrylate and 27 g of glycerol were added to the solution of 0.6 g of tartaric acid In 45.5 
ml of water, and mixed together to prepare a mixture containing glycerol. Then, 2.5 g of kaolin was added to the solution 
of 1 g of trans-OH form, which is an active metat)0lite. in a mixture of 2 g of crotamiton and 1 g of peppermint oil. and 
the resulting mixture was then sufftoientiy kneaded to prepare a mixture containing a trans-OH form. The mixture con- 
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taining a trans-OH form was added to the mixture containing glycerol whilst stirring and 1 ml of aqueous dispersion con- 
taining 0.05 9 of aluminum hydroxide gel was added to the mixture and mixed together. The weight of the mixture 
obtained was measured, and water was added -thereto until the total weight reached 100 g. The mixture was then suf- 
ficiently kneaded. The resulting external formulation containing 1% of trans-OH form was spread over a nonwoven fab- 
ric so as to occupy in an amount of 10 g/10x14 cm. and a polyethylene film was put on the formulation and the 
formulation was cut into pieces of a certain desired size for use as a test sample. 

[Comparative Example 1] 

[00671 In Example 3. similar processes were carried out except that crotamiton was not used to obtain the external 
formulation containing 1% Loxoprofen sodium as a test sample. 

[Comparative Example 2] 

[0068] In Example 3, similar processes were carried out but using 2 g of oleic acid instead of 2 g of crotamiton to 
obtain an externa! formulation containing 1% Loxoprofen sodium as a test sample. 

[Comparative Example 3] 

[0069] In Example 3, similar processes were carried out but using 2 g of isopropyl myristate Instead of 2 g of crotami- 
ton to obtain an external formulation containing 1% Loxoprofen sodium as a test sample. 

: [Test Example .1] Deposition of crystals in the ecternal formulation containing Loxoprofen sodium with the passage of 
time 

[0070] Immediately after manufacturing, with regard to the external patches obtained In Examples 1 and 9 and Com- 
parative Examples 1 to 3. the deposition of crystals of Loxoprofen sodium was observed with naked eye or under a 
microscope in the formulation. Then, samples were stored in an alminum pouch at room temperature, and the deposi- 
tion of crystals was ot>served with passage of time In the same manner as described above. - : - 
[0071 ] The results are shown in Table 1 . 



Table 1 



External Formulation Containing Loxoprofen 


Formulation 


Number of days from the 
manufacturing date until 
crystals were deposited 


Formulation as described in Example 1 


No deposition for 2 years 


Formulation as described in Exampte 9 


No deposition for 2 years 


Formulation as described in Comparative Example 1 


12 days 


Formulation as described in Connparative Example 2 


4 months 


Formulation as described in Comparative Example 3 


4days 



[0072] As shown clearly in Table 1 . no Loxoprofen was deposited over a long period of time in the formulations as 
described in Examples 1 and 9 which contain crotamiton as a solvent. That is, the addition of crotamiton significantiy 
improved the stability of the external formulations containing Loxoprofen sodium. 

[Test Example 2] Permeability tests for in vitro skin of external formulations containing Loxoprofen sodium 

[0073] The external patches chained as described in Example 3. Comparative Exanrple 1 . and Reference Example 
1 were subjected to permeability tests for in vitro using rat skin: The concentratior)s of Loxoprofen, per se, and of the 
trans-OH form, which is an active metabolite, were measured to examine their skin permeability after app&cation. 
[0074] Each of external plasters of 1 cm In diameter was used for tests. 

[0075] Sodium pentot>arbital was intraperitoneaOy administered in a content of 1mg/kg to Wistar Imamichi male rats 
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(7 weeks of age), which were then put under anesthesia. After that, a hair clipper and a shaver were used to shave hair 
on the abdomen. Then, the sWn was picked out therefrom in the form of a disk of 2.2 cm in diameter. The fet layer under 
the corium tissue of the skin picked out was removed, and the resulting sWn was fixed to a vertical diffusion cell for per- 
meability tests, which had been maintained beforehand at 37«C. The fbmiulation was applied to the stratum corneum 
epidermidis on the diffusion cell, and 4.5 ml of Tyrode's solution was added to the dermal layer side as a receiver solu- 
tion. During a 24-hour patch test. 0.5 ml of receiver solution was occasionally sampled as appropriate and was sub- 
jected to HPLC to measure the concentration of . the. drug. When the receiver liquid was sampled, 0.5 ml of Tyrode's 
solution without drug, being k^t warm at 37°C. was added to maintain tiie volume of the receiver liquid constant. The 
cumulative amount of fhe drug after sWn permeation increased linearly witii the passage of time. 
[0076] The HPLC measurement metiiod is shown below. 

[00771 An equal amount of ethanol solution [1 0 mg/ml of etiiyl p-hydroxybenzoate (produced by Wako Pure Chemical 
.Industry Ca, Ud.)] as an internal standard was added to the samples taken out and admixed together. The mixture was 
centrifuged at 12,000 rpm for 5 minutes, and the supernatants were used as samples for HPLC. 

HPLC measuring conditions 

[0078] 



Column: 
Mobile phase: 
Column temperature: 
Flow rate: 

Detected wavelength: 
Retention time: 



CAPCELLPACK CI 8 (4.6 x 150 mm; produced by Shiseido Co.. Ltd.) 

1% phosphoric actd/acetonlti'ile'5/2 

40*»C 

1 ml/min. 

222 nm 

Loxoprofen: 1 2. 7 minutes 
trans-OH fbnm: 10.7 minutes 
cis-OH form: 1 1 .9 minutes 
ethyl p-benzoate: 7.6 minutes 



[0079] The results are shown in Table 2. 



Table 2 



External Formulation Containing Loxoprofen 


Formulation 


Skin permeation flux 
(nmol/cm^/hr) 




Loxoprofen 


Trans-OH form 


Formulation as descnbed in Example 3 


2.50 


1.25 


Formulation as described in Example 1 


1.25 


0.35 


Formulation as described in Example 1 




0.50 



[0080] The results of the tests using formulations as described in Example 3 and Comparative Exanple 1 clearly indi- 
cate that Loxoprofen sodium is surprisingly converted into a trans-OH form, which is it's active metabolite, in the skin 
witiiout passing through the liver or kidney. In addition, when tiie formulations as described in Example 3 and Compar- 
ative Example 1 are compared togetiier. tiie addition of crotamiton served to double the permeation rate of Loxoprofen 
and quadruple tiie increasing rate of the trans-OH form in the receiver liquid (this can be considered to correspond to 
the trans-OH form which would exist under tfie demial layer). As a result, a very large amount of trans-OH form was 
present in the receiver solution in a certain time after the application of the formulation. 

[0081 ] In addition, the results of tiie formulation as described in Reference Example 1 indicate tfiat tiie trans-OH fbmi. 
which is an active metabolite, showed low permeability through ttie skin and tfiat the increasing rate of the trans-OH 
form in the receiver solution was small even when tiie trans-OH form per se was administered. When ttiese results are 
compared wrth ttie results of the formulation as described in Example 3. it is found unexpectedly that when Loxoprofen 
sodium, which is a prodrug, was administered, the increasing rate of the trans-OH form in the receiver liquid was higher 
resulting in a larger amount of trans-OH form in ttie receiver liquid. 
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[Test Example 3] Concentration in tissues of metabolites after the application of external formulations containing Loxo- 
profen sodium to sidn. 

[0082] Patches produced according to the method as described in Example 3. labeled with '''^C and containing 1% of 
5 Loxoprofen sodium, were applied to the skin on the back of rats for 4, 8, arxl 24 hours, concentrations of active metab- 
olites in the dermal tissue of the skin and in blood plasma were measured. 

[0083] Body hair on the back of Wistar Imamichi male rats (7 to 8 weeks of agerthree rats in each group) was removed 
using a hair dipper and a shaver, and fonnulation pieces in a size of 2 x 1 .75 cm were applied on the skins of the rats. 
The blood plasma (0.5 to 2 ml) was sampled at each different times from the rats to which the formulation was applied 

10 and the rats were then sacrificed. By stripping sufficiently by use of a cellophane adhesive tape, the stratum corneum 
was removed from the skin in the middle of the site to which the formulation was applied. A punch (0 1 .0 cm) was used 
to punch the corium portion out to remove it. The removed portion was hashed after fat and capillaries were removed 
from the corium portion. Then, a quintuple amount of methanol was added to the hashed skin slices to homogenize it, 
and the resulting mixture was centrifuged at 1 .800 x g and 4'>C for 10 minutes to obtain the supernatant as an extract. 

15 The blood plasma mentioned above was similarly treated on to obtain an extract. After each extract was dried and solid- 
ified under reduced pressure at room temperature, it was redtssolved in a small amount of methanol and was subjected 
to thin layer chronriatography (TLC) to measure the concentration of active metabolites. 
[0084] ISAeasurements based on the TLC method were executed as follows. 

[0085] The sample in methanol mentioned above was applied in lines to a TLC plate (silica gel 60F254: Art No. 571 4, 
20 manufactured by MERCK Co.) together with the authentic sample of Loxoprofen per se and its metabolite, and a solu- 
tion of benzeneacetone:acetic acid (80:15:5) was used as a developing solvent to develop the sample three times so 
that the length of the developing solvent reached 15 cm. After development, the TLC plate was dried and covered with 
a protective film (4|jLm; manufactured by DIAFOIL Co.). and was then adhered to an imaging plate (TYPE-BA; manure- 
tured by Fuji Film Co.. Ltd.) and exposed in a lead sealed box for 24 hours. After exposure, a bio-image analyzer (FUJIX 
25 BA100; manufactured by FUJI Film Co.. Ltd.) was used to read a radio-active image on imaging plate to create an auto- 
radiogram. The developed position of the authentic sample of the metabolite was confirmed using a 254-nm ultraviolet 
lamp. Then, the autoradiogram was fractionated into a background section and a radio-active band region of Loxopro- 
fen (an unchanged form) or trans-OH fbmri (an active metabolite) to calculate from each emission intensity the ratios of 
Loxoprofen {an unchanged form) and trans-OH form (an active metabolite). 
30 [0086] The concentrations of Loxoprofen (an unchanged form) and trans-OH form (an active metabolite) were calcu- 
lated in the following manner. 

[0087] The concentrations were determined using the toted concentration calculated from the radio-active concentra- 
tion of the sample prior to the TLC operation as well as the ratios calculated above. 
[0088] The results are shown in Table 3. 

35 

Table 3 



Concentration of Loxoprofen metabolites in the tissues 







Oig/g or \iQfvrS) 


Tissue 


Time 


Loxoprofen 


Trans-OH form 


Corium layer (^g/g) 


4 hours 


61.04 


4.17 


8 hours 


60.16 


4.00 


24 hours 


60.48 


3.73 


Blood plasma (^g/ml) 


4 hours 


0.20 


0.11 


8 hours 


0.28 


0.17 


24 hours 


0.13 


0.12 



[0089] As shown clearly in Table 3, the concentration of trans-OH form, which is an active metabolite, in the dermal 
layer was 40 times higher than Wiat In the blood plasma, and the concentration of Loxoprofen, which is an unchanged 
55 form, in the dernial layer was 300 times higher than that in the blood plasma. This indicates that Loxoprofen sodium 
transfen-ed directiy to the topical site. 

[0090] Furthermore, since its amount remained constant during adnvnistration. this indicates that this formulation pro- 
vides sufficient efficacy when applied once a day. 
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[Test Example 4] Suppression of carrageenin crural edema 



[0091 ] The external patches of Loxoprofen sodium as described in Examples 2, 4, 6. and 8 were investigated for car- 
rageenin crural edema suppression effect. - 

5 [0092]. < SD male rats (5 weeKs of age) were used for the tests, with 8 rats constituting each group. The hair on the left 
posterior feet of the rats was shaven using an electric hair clipper, and 0.1 ml of 0.5% saline solution of carrageenin was 
injected under the foot sole skin of the left posterior foot to.induce inflammation. Immediately after inflamniation was 
induced, formulation in a size of 2 x 1 .75 cm were applied to the feet, and the volune of the foot sole was measured at 
t, 2, 3, 4, and 5 hours after the induction to observe the inflammation suppression effect of the present external formu- 

rv lation using as an edema rate the iricreasing rate in the volume of the foot sole after the induction of inflammation rela- 
tive to the same volume prior to the injection of the inflammation inducing agent The suppression effect reached its 
hiaximum value at 4 hours after the induction. 
. [0093] For comparison, a ^control group" was provided in which inflammation was induced as described above and 
in which rats were then left untreated. 

IS [0094] Furthermore, a "base group" was provided in which rats were treated using a formulation of the same compo- 
sition as described in Exanrple 1 except for the absence of Loxoprofen sodiun^ The results are shown in Table 4. 



Table 4 



Rat carrageenin edema suppression effect 




(4 hours after induction) 


Fbi-mulation 


Blema rate (%) (aver- 
age±standard error) 


Suppression rate(%) 


Control group 


65.2 ±4.7 




Base group 


58.6 + 4.7 


10.2 


Formulation asdescrbed in Example 2 


31.2±3.r* 


52.1 


Formulation as described in Example 4 


33.3 ± 3.1** 


46.9 


Formulation asdescrbed in Exarrple 6 


36.9 ±3.0* 


43.4 


Formulation asdescrbed in Example 8 


38.3 ± 4.4* 


41.2 


Significant difference from the base group 



*:p<0.01. 
•*:p< 0.001 

[0095] As shown clearly in Table 4. the formulation corrtaining 0.15% or more of l_oxoprofen sodium^ was o^erved to 
40 exhibit a significant suppression effect against the control and base groups depending on the concentration. Tluis. it is 
evident that this formulation is effective on acute inflammation. 

[Test Example 5] Anti-Inflammatory effect on adjuvant arthritis 

45 [0096] The patches containing Loxoprofen sodium as described in Examples 1.3.5, and 7 were investigated for anti- 
inflammatory effect on adjuvant arthritis. 

[0097] Lewis male rats:(8 weeks of age) were used for the tests, with 10 rats constituting one group. Mycobacterium 
butvricum that had be^ killed by heating were refined, and the refined cells were then suspended in liquid paraffin until 
the volume of the suspension reached 6 mgAnl. The suspension was then sterilized at 120**C and used as an adjuvant. 

so. The volume of both posterior feet was measured, and 0. 1 ml of the killed cell suspension, which had been heated up to 
50° to 60^0. was injected into the tail base skin. An adjuvant was administered to the rats for which inflammation had 
been irxluced. and 19 days later, formulation pieces 2 x 1.75 cm in size into which the formulation had been cut were 
each applied to the periphery of tiie sole of the right posterior feet The formulation was allowed to remain application 
for 9 consecutive days. The increase in the volumis of the soles of both posterior feet on the day when application was 

55 started was defined as a 100% edema rate, and changes in this volume were observed every day 
[0098]: 71)9 "control group** and "base group" were the same as described in [Test Example 4]. 
[0099] The results are shown in Table 5. 
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Tables 



Anti-inflammatory effect on the adjuvant arthritis 


Formulation 


Edema rate(%) (average ± standard en-or) 




The number enclosed in parentheses indicates the edema sup- 
pression rate(%) 




21 days 


26 days 


31 days 


Control group 


93.1 ±4.77 


86.7 ±5.57 


79.6 ±3.98 


Base group 


81.414.70 (12.6) 


73.1 ±3.89 (15.7) 


65.4 ±3.89 (17.9) 


Formulation as described in Example 1 


74.4 ±4.00 (20.1) 


52.3 ± 2.38* (39.6) 


48.0± 3.20* (39-8) 


Formulation as described in Example 3 


69.1 ±4.77 (25.8) 


51.6 ±2.38* (40.5) 


46.4 ±2.36* (41.7) 


Formulation as described in Example 5 


76.6 ±3.99 (17.7) 


59.0 ± 2.38* (32.2) 


50.2 ± 2.39* (36.9) 


Formulation as described in Example 7 


75.2 ±5.43 (19.2) 


61.3 ± 3.10 (29.3) 


59.3 ±3.85 (25.6) 



Significanl difference from the base group *: p < 0.01 



[0100] As shown clearly in Table 5. the formulation containing 0.5% or more of Loxoprofen sodium was confirmed to 
provide a significant suppression effect against the control and base groups depending on the concentration. Thus, this 
formulation is clearly effective on chronic inflammation. 

Industrial Applicability 

[0101 ] By addition of crotamiton as a solvent to an external formulation containing Loxoprofen or its pharrtiaceutically 
acceptable salt, Loxoprofen is prevented from being deposited in crystal form, and it is thus possitjie to provide a for- 
mulation whose active ingredients are distributed appropriately. This formulation enables a substantial increase in the 
rate and amount of transcutaneous absorption of Loxoprofen, and also enables the sustained supply of Loxoprofen, to 
allow a suff icierrt concentration of Loxoprofen to be continuously accumulated in the sldn at the applied site.-Then, Loxo- 
profen is transformed into the trans-OH form in the skin, thus enabling a sufficient amount of trans-OH form to be pro- 
vided at the applied site. As a result, the application of this formulation can provide an excellent topical analgesic 
effects. The anti-inflammatory analgesic external formulation of this invention shows less irritation on the skin and is 
effective in the prevention or treatment of, for example, osteoarthritis, rheumatoid arthritis, lumbago, scapulohumeral 
periarthritis, tendovaginitis, inflammation of tendon peripheries, humeral epicondylitis (tennis elbow), muscle pain, or 
swdling or pain alter trauma. 

Clainfis ^ 

1 . A method for producing a trans-OH form comprising converting Loxoprofen or its pharmaceutically acceptable salt 
into trans-OH form thereof with a ketone-reducing enzyme existing in the skin. 

2. An anti-inflammatory analgesic external formulation containing Loxoprofen or its pharmaceutically acceptable salt 
and crotamiton. 

3. The anti-inflammatory analgesic external formulation according to Claim 2. wherein application of the external for- 
mulation causes Loxoprofen or its pharmaceutically acceptable salt to be metabolized into a trans-OH form thereof 
in the skin and wherein tiie concentration of trans-OH form is higher in a dermal layer of the skin at an applied site 
than in blood plasma. 

4. The anti-inflammatory analgesic external formulation according to Claim 2 or 3. wherein the content of crotamiton 
is 0.5 to 5% by weight of the. total weight of the formulation. 

5. An anti-inflammatory analgesic extemal formulation according to Claim 2 or 3, wherein the content of crotamiton is 
1 to 2% by weight of the total weight of the fomtulation. 
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6. The anti-iriflammatory analgesic external fbrmuiation according to any of Claims 2 to 5. wherein the content of 
Loxoprofen or its pharmaceutically acceptable salt is 0.1 to 5% by weight of the total weight of the formulation. 

7. The anti-inflammatory analgesic external formulation according to any of Claims 2 to 5, wherein the content of 
5 Loxoprofen or its pharmaceutically acceptable salt is 0. 1 5 to 2% by weight of the total weight of the fbrmuiation. 

8. The anti-infiammatory analgesic external formulation according to any of Claims 2 to 5, wherein the content of 
Loxoprofen or Hs pharmaceutically acceptable salt is 0.5 to 2% by weight of the total weight of the formulation. 

yo 9. The anti-inflammatory analgesic external fbrmuiation according to any of Claims 2 to 8. wherein the content of a 
solvent and/or a skin permeation accelerator is 0.5 to 80% by weight of the total weight of the formulation. 

10- The antiinflammatory analgesic external formulation according to any of Claims. 2 to 9.. wherein the content of a 
water-soluble polymer is 3 to 30% by weight of the total weight of the fbrmuiation of an aqueous polymeric com- 
15 pound. 

11. The anti-inflammatory analgesic external fbrmuiation according to any of Claims 2 to 9, wherein the content of a 
water-soliible polymer is 5 to 20% by weight of the total weight of the formulation. 

20 12. An anti-inflammatory analgesic external formulation according to any of Claims 2 to 11. wherein the content of an 
oil-soluble polymer is 5 to 95% by weight of the total weight of the formulation. 

13. The anti-inflammatory analgesic external fbrmuiation according to any of Claims 2 to 1 1 . wherein the content of an 
oil-soluble polymer Is 1 0 to 80% by weight of the total weight of the formulation. 

25 

14. The anti-inflammatory analgesic external formulation according to any of Claims 2 to 13, wherein the content of a 
moisturizer is 5 to 60% by weight of the total weight of the formulation. 

15. The anti-inflammatory analgesic external formulation according to any of Claims 2 to 13, wherein the content of a 
30 moisturizer is 1 0 to 45% by weight of the total weight of the formulation. 

16. The formulation according to any of Claims 2 to 15, wherein the anti-inflammatory analgesic external formulation is 
a patch. 

35 17. The formulation according to any of Clainns 2 to 1 5. wherein the anti-inflammatory analgesic external formulation is 
an ointment 

18. The formulation according to any of Claims 2 to 15. wherein the anti-inflammatory analgesic external formulation is 
a cream. 

40 ' - ^- 

19. The formulation according to any of Claims 2 to 15, wherein the anti-inflarrvnatory analgesic extemal formulation is 
a lotion. 

20. The formulation according to any of Claims 2 to 15, wherein the anti-inflammatory analgesic extemal formulation is 
45 an aerosol. 

21. An anti-inflammatory analgesic external formulation containing Loxoprofen or its pharmaceutically acceptable salt 
and crotamiton for use in the production of a trans-OH form of Loxoprofen or its pharmaceutically acceptable salt, 
comprising converting Loxoprofen or its pharmaceutically acceptable salt into the trans-OH form with a ketone- 

50 reducing enzyme existing in the Skin. 

22. The anti-inflammatory analgesic external formulation according to Claim 21. wherein the content of aotemiton is 
0.5 to 5% by weight of the total weight of the formulation. 

55 23. The anti-inflammatory analgesic extemal formulation according to Claim 21 , wherein the content off aotamiton is 1 
to 2% by weight of the total weight of the fbrmuiation. 

24. The antinnflammatory analgesic external formulation according to any of Claims 21 to 23, wherein the content of 
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Loxoprofen or its pharmaceutically acceptable salt is 0.1 to 5% by weight of the total weight of the formulation. 

25. The anti-inflammatory analgesic external formulation accx)rding to any of Claims 21 to 23, wherein the content of 
Loxoprofen or its pharmaceutically acceptable salt is 0.15 to 2% by weight of the total weight of the formulation. 

5 

26. The anti-inflammatory analgesic external formulation according to any of Claims 21 to 23, wherein the content of 
Loxoprofen or its pharmaceutically acceptable salt is 0.5 to 2% by weight of the total weight of the formulation. 

. 27. The anti-inflammatory analgesic external formulation according to any of Claims 21 to 26^ wherein the content of a 
10 solverrt and/or a skin permeation accelerator is 0.5 to 80% by weight of the total weight of the formulation. 

; 28. The anti-inflammatory analgesic external formulation according to any of Claims 21 to 27. wherein the content of a 
water-soluble polymer is 3 to 30% by weight of the total weight of the formulation. 

15 29. The anti-inflammatory analgesic external formulation according to any of Claims 21 to 27, wherein the content of a 
water-soluble polymer is 5 to 20% by weight of the total weight of the formulation. 

30. The anti-inflammatory analgesic external formulation according to any of Claims 21 to 29. wherein the content of 
an bil-soluble polymer is 5 to 95% by weight of the total weight of tiie formulation. 

20 

31. The anti-inflammatory analgesic external formulation according to any of Claims 21 to 29, wherein the content of 
an oil-soluble polymer is 10 to 80% by weight of the total weight of the formulation. 

32. The antinnflammatory analgesic external formulation according to any of Claims 21 to 31 , wherein the content of a 
25 moisturizer is 5 to 60% by weight of the total weight of the formulation. 

33. The anti-Inflammatory analgesic external formulation according to any of Claims 21 to 31 , wherein thecontent of a 
moisturizer is 10 to 45% by weight of the total weight of the formulation. 

30 34. The formulation according to any of Claims 21 to 33, wherein the anti-inflammatory analgesic external formulation 
is a patch. 

35. The formulation according to any of Claims 21 to 33, wherein the anti-inflammatory analgesic external formulation 
is an ointment. 

35 

36. The formulation according to any of Claims 21 to 33, wherein the anti-inflammatory analgesic external formulation 

is a cream. 

37. The formulation according to any of Claims 21 to 33, wherein the anti-inflammatory analgesic external formulation 
40 is a lotion. . ...^ 

38. A formulation according to any of Claims 21 to 33, wherein the anti-inflammatory analgesic external formulation is 
an aerosol. 

45 
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